In a Nutshell
gtudents use a Variety of methods ahd measuring tools to
determine the size Of trees on the refuge. BY comparing
their measurements among teams and with the Minnesota
State Champion Trees, students will begin to understand
the importanCe Of protoCols in data collection.

Grade: 2-3
Ceason: Winter
[ocation: Visitor Center

Learning Objectives

After partiCipating in this activity, students Will be able to:

EXxplain the difference between estimating and measuring.

Describe the tools used t0 measure tree height, Circumference, and Crown Spread.
Give at least one example Of how SCientifiC protoCol is important in measuring trees.
Give at least two reasons why tree size might be important to wildlife.

Literature Connections

Measuring Penny by [,oreen [eedy (AD500)

How [,ong or How Wide? A Measuring Guide by Brian P. Cleary (730L)
Grand Trees of America: Qur State Champion Trees by Lisa Jorgenson
The Big Tree by Bruce HiscoCck

Pre-Activities
In Project [Learning Tree acCtivity, How Big Is Your Tree students use a Variety
Of Simple techhiques to estimate height, length, and Circumference of a
Variety of items found in the Classroom.

On-site Activities
Students record the height, Circumference ahd Crown spread measurements
from a Variety Of large refuge trees using established scientifiC methods and



t00IS. They learh different methods that sCientists use to “age” trees ahd
determine the importance and Value of trees to wildlife.

Classroom Conhnhections
Calculate Champion Tree Points
Back in the Classroom have students use the refuge tree measurements they
collected during the fieldtrip to Calculate Champion Tree Points fOr each
tree species. To determine Championh Tree points use this equation:
Tree’s Circumference (inches) + the trees’ height (Feet) + ¥ the trees’ average
Crownh Spread (feet) = pts.

Compare the points to the values below. How mahy points away was their tree
from the record holder? Are there any Minnesota Championh Trees in their
City? To find the [ocation of Minnesota’s Champioh Trees g0 to
http://wWww.dnhr.state.mn.us and search “big tree registry”.

Gtart g Tree Growth Data Base

Using the same sChoolyard trees from the pre-aCtivity, measure the trees
using the hew technhiques and standards students learhed during their Visit to
the refuge. Compare how Close the students’ original estimates were to the
actual measurements. Create a data |0g where students Canh record and
Ccompare measurements over time. How much do the trees in the sChoolyard
grow £rom year to Year? DO the trees grow more some years thah other years?
What could account for the differences in growth rates?

Tree Species Points | Tree Species Points

American Elm 319 Eastern Cottohwood 528

Basswood 307 Green Ash 288

Bur Oak 335 Northern Red Qak 261

Box Elder 258 Sugar Maple 244
Teacher Resources

Minnhesota Trees by Minnesota Department of Natural Resources
All About Minnesota’s Forests and Trees: A Primer by Minnesota
Department of Natural Resources

Winter Tree Finder by Mary Theilgaard and Tom Watts



http://www.dnr.state.mn.us/

Minnesota Valley National Wildlife Refuge

Winter Tree Math
Pre-Visit Activities

Materials

e Classroom Math data sheet (1 per pair)

e TRuler (1 per pair)
e 12-15 Tangent Height Gauges

o Example Tape Reel, Tape Measure, CalCulator

Introduction

Follow the Project [Learhing Tree ACtiVity # 67: How Big Js Your Tree? (page

28¢) With the following adjustments:

AsK students to think about when
they Visit @ doCtor for g cCheckup.
What body measurements do
doctors (or nhurses) collect (head,
weight, height)? Biologists use
Similar measurements for plants and
animals. Ask students to imagine
being a biologist working on a
National Wildlife Refuge. When
working with plants, what part of a
plant do you think g biologist might
want to measure ahd why? List the
responses onh the board. If the
students don’t include tree
measurements add the Category to
the list.

ASK students why they think a
refuge biologist would ever heed to
measure a tree?

e PBiologists may measure the
Size Of trees to estimate the

Winter Tree Math

Different Conservationh Professionals

Wildlife Biologists manage the health of the lahd
(habitat) for the benefit of wildlife. Trees that
make up a refuge habitat are hot harvested for
homes, paper, or firewood. Wildlife Biologists
Oftenh work at wildlife refuges.

Foresters have specCial knowledge in how to
manage large forest areas. They often monitor
the health of a forest ahd make determinations
whether a forest is healthy enough to survive a
harvest. Some foresters specCialize in estimating
how much lumber (used to build homes, for
paper, toilet paper ahd mahy other things) a
selected harvest area Will produce. Foresters may
work for the (JS Forest Service or (umber
companies.

Arborists specCialize in the health of individual
plants, trees and shrubs. An arborist is Called
upoh when a disease brakes out in a SpeCifiC tree
Oor when a City goverhment or City residents heed
suggestions on the best species of trees to plant
in the area. Many cities/communities hire
arborists.
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Minnesota Valley National Wildlife Refuge

amounts of cover ahd £ood sources for wildlife. Bigger oaks, for example,
may produce a larger aCorh Crop ahd more cover for g wide Variety of
wildlife like song birds, turkeys, bats, squirrels, and raCCcoons.

e PBiologist measure the size Of trees to estimate their age. Qlder trees may
be a signh that the land has not been disturbed. These trees tend to be big
and are usually found in areas that have been undisturbed by
development (for farms, homes and shopping malls). (Jndisturbed areas
are more likely t0 be places where biologists may find endangered species
Of plants, animals, insects, or amphibians.

e Tiologists measure the quantity Of trees to determine if ah area would be
ideal to protect for g wildlife habitat. Ih some habitat, Tallgrass Prairie
and Qak Savanna for example, fewer trees would be more desirable. In a
habitat onCe deciduous forest, more hardwood trees would be
preferred.

EXplain to students that people in the past often used their hands Or their feet
t0 measure things. Why do you think these tools were used? People in the past
didn’t have the scientifiC measuring tools we use today (like rulers) so they had
€O use tools aVailable to them to estimate measurements.

AcCtivity Ohe: Measuring in the Classroom

ASk students to piCk a parther. Pass out the Measuring in the Classroom data
sheet and ruler to each team. Explaih that each team will have about 10
minutes to0 measure the height of their Chair, their desk, their [oCcker, 3 wall,
anhd two things Of their Choice. (Jsing 3 “tools” they will take two estimates
(using their hand, their f00t) ahd ohe measurement (using the ruler) Of each
item.

1. Review both methods of estimating With the students.
e TWhat does a hand spah 00K like?
o TWhat does a foot spah |00k like?

2. Review how to aCCurately measure with a ruler.
Keep ih mihd that some Classes may have very little, or even ho,
measuring experience.
e Pring to their attention where zero is onh the rulers you are using.
Ih some cases it is at the end of the ruler. In other designs, zero
Starts in from the edge.

Winter Tree Math 201¢
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Minnesota Valley National Wildlife Refuge

e Gome rulers measure in inches only. Others have inches marked on
ohe edge ahd centimeters on the other. Make sure students Cah
tell the difference and are measuring with the inches edge.

e Demonstrate, using two student volunhteers, how to measure
something that is longer thanh 12 inChes. Have onhe student start at
ohe end Of 3 |ocker Or g counter. InstrucCt the second student to
mark the end of each 12 inch interval with a finger before the first
student moves the ruler to contihue measuring.

Plan 20 minutes for teams to measure and record the results for as manhy items
on the data sheet as possible. Instruct them to estimate using their hands or
feet first, then use the rulers to get 3 measurement.

o (Compare student estimates first. HOw aCCurate are the estimates? 1f
students do not make the conhection between hand or foot Size ahd the
number Oof hand Or foot spanhs heeded ih the measurement, select a
student from teams that Came up with very different measurements. In
front of the Classroom Compare the size of their feet or hanhds (Or theirs
with yours). ASk each volunhteer tO use a ruler to measure the length of
his/her foot. Are these measurements the same? This is Why onhe team’s
estimate may be different from another’s.

o TWere the measurements recorded using rulers more often the same?
How does using a sCientificC tool, like a ruler, improve aCCuracy?

e Did everyone measure the same way? Deciding together where to
measure the height of the Chair, whiCh part of the |oCKker, Or the exact
same section of wall would improve the accuracy. This is Called a
protOoCoOl: g Simple plah oh where to take the measurement.

ACtivity Two: Guided Discovery of the Tanhgent Height Gauge
AsK students how biologists might measure the height of trees. After a brief
discussion of their ideas ask them to seleCt a parther. Provide each pair with a
Tangent Height Gauge. EXplain that this is another scientific too| used to
measure trees. Their job is to figure out how to use it. Write the following list
Of questions on the board. (zive students 10 minhutes to wWork in teams to
discover the ahswers to the questions.

1. How do you hold it?

2. Where is the level and how do you use it?

3. Where is the mirror anhd how do you use it?

Winter Tree Math 201¢
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4. What is a sight ring?
5. How do the sight rings help You measure the height of a tree?

After 10 minutes, Compare student answers. Ask the students to 00K at the
picture on the side of the height gauge. What other tools Will they heed to use
to determine the height of the tree? Show students how they would use a tape
measure, a tape reel and possibly a CalCulator to complete the tree height
measurement using the Tangent Height Gauge.

wrag-( l E
TReview the terms estimate (ah educated guess) ahd measurement (aCCurate,
precise, CorreCt ahswer) wWith the Class. IS estimating 3 good method to use? It

depends oh the aCCuracCy heeded.

This is why scientists have developed anhd use stahdard measurement tools. Is
this all that’s heeded to take aCCurate measurements...a good tool? No! The
way You measure also matters.

If biologists were going to Compare tree measurements from one Site to
ahother, it is impoOrtant to have a “planh”, Or @ protoCol, t0 improve aCCuracCy?
EXplain that when they Visit the refuge they Will learnh the methods biologists
use to measure trees. They Will make sCientifiC measurements and Compare
those with the measurements of the Minnhesota State Champioh Trees — the
largest trees in the state.

TRemind students to wear appropriate clothing like warm jackets, sCarves,
mittens, hats, Show pants.....ahd MOSst importantly show boots. If conditions
allow, students Will use showshoes for the outdoor aCtivities.

Winter Tree Math 201¢
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Winter Tree Math
Classroom Measurements

TRecord your estimates and measurements in the table.
Celect a hew table for each thing you measure.

Your Desk Estimate Your Chair Estimate
height height
Foot Span Foot Span
height height
Hand Span Hand Span
Measurement Measurement
height height
Ruler Ruler
A Wall Estimate Your Locker | Estimate
length height
Foot Span Foot Span
length height
Hand Span Hand Span
Measurement Measurement
length height
Ruler Ruler
Estimate Estimate
length height
Foot Span Foot Span
length height
Hand Span Hand Span
Measurement Measurement
length height
Ruler Ruler
Winter Tree Math 201¢
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Winter Tree Math
On-site Activities

Materials
1 BackpacCk per team filled with the following equipment

e (Clipboards (1 per team)

e Pencils (1 per team)

e Calculator (1 per team)

e TRefuge Tree Measurement data sheet (at least 3 per team)
e 6 tape measures(1 per team)

e 100’ measuring tape reels (1 per team)

e Tahgent Height Gauges (2-3 per team)

o TAinter Tree Math map (1 per team)

Laminated Winter Tree Math Card

(onhe for corresponding to each tree on the Winter Tree Math map)
Colorful plastic lahyard cord

Tree Guide (1 per team)

Ihtroduction

Inside Visitor Center, (¢5 mihutes)

Prior to the students’ arrival hang the laminated Winter Tree Math Cards on
the trees to be measured during this activity.

TReview with the students the difference between estimating and measuring.
Ihtroduce students to the real SCientifiC measuring tools (tangent height
gauges and tape measures) and techniques (Circumference at breast height)
they will use during their field trip tO measure refuge trees as accurately as
possible. (Jsing a student volunteer, Chaperone, Or Staff person to Simulate a
tree, demonstrate how to take each Of the following measurements.

NOTE: There will be trees to measure that do hot £t COmMon Situations: a
tree With a Split trunk; a tree on a hifl; or g tree intertwined with another.
EXpect student teams to Come baCck with difFerent measurements for these
trees. [Jse this as an Obportunity to discuss the heed for SsCientific protocol...a
method that everyone 38rees to £ol/ow, ensuring that the data, in this case
measurements, are comparable.

Winter Tree Math 201¢
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ToO measure the Circumference at Breast

Height, use the small 6’ tape measure.

1. ASK for a tall student or adult volunteer
t0 be your tree trunk. Measure from the
base of the trunk (ground level) up ¢ ¥
Feet high (breast height for anh average
adult). The reason for measuring up ¢ %
feet is because not all trees are shaped
the same. This number provides a
stahdard Of measuring. Have the volunhteer
Keep their finger on the ¢ ¥, foot mark.

2. At breast height (the volunhteer’s finger)
use the tape ree| to CirCle ground the
Simulated tree tO measure CirCumference.
TRecord this humber on the data sheet. .

TO measure the Crown Spread, use the large 100 foot tape reel.
gtudents will look at the brancChing of the tree and then take the average of
tWO measurements where the tree |00Ks the widest. AS illustrated below,
1. ASK ghother volunteer to be g tree. Ask them to spread their arms out
t0 Simulate branches. SeleCt 2 more students volunteers. Have 1 student
stand under the farthest branch from

the trunk on one side (A) and the other D
student stand under the farthest B O
branch from the trunk on the opposite Q/f/‘:;
side (B). '{) .. &
2. Ask a third student to hold the tape ){ Q% o
measure, pull the tape aCross to the YO A 0%13
second person and ask him/her to figure O Q.*}
out the distanhCe between the two Lo L e
students (points). Record the humber 14, - '
on the data sheet. BN A
3. Request the student “tree” to Change c

directions and the other 2 students to

move to the hew farthest point

[ocations and repeat the procedure above using the hew points (C and D)
unhder the opposite side of the Crownh. Record the humber oh the data
sheet.

Winter Tree Math 201¢
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Add the two measurements together and divide by 2 for ah gverage.

TRecord this humber onh your data sheet as Crown Spread.

TO measure Tree Height use the Tanhgent Height (auge

After reviewing student responses to the guided discovery questions from the
pre-aCtivity, demonstrate for the Class ahd parent Chaperonhes, how to properly
use the gauge to measure tree height.

1.

2.

4.

Stand straight and 20’20

fmeasure the height .. HEIGHTISIGHT ~
Of your eyes from

the ground. Write TT':%EEDE Aﬁ?ggg
down this number

Oh your data sheet; .

itis heeded for the

final tree height FIGUHE1 FIGURE 2
Calculation. NAVEER'S _§§ T

While holding the gauge using the handle, line up the top of the tree
through both sight rings (holes) on the top. Keep the bubble inside the
leve| centered. ASK anhother student to tell You when it’s [evel Or 00K in
the mirror. If the top Of the tree is below your View, move closer to the
tree. If the top Of tree is above your View, move away from the tree.

Once the top of the tree is centered in the sight rings and the bubble is
centered in the level tube, measure the distance between you and the
base of the tree trunk. Write this humber on your data Sheet.

Add your distance from the tree to the height of your eye. The ahswer
is the height Of the tree you measured. Record the Tree Height on the
data sheet.

Winter Tree Math 201¢
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Measurement Hike

On refuge, (45 minutes)

Divide students into groups equal to the number of adult leaders. Each group
MUST bave an adult with them. Pass out the baCckpaCks with all the equipment
(Clipboard, data sheet, pencil, tree height gauges, measuring tape, measuring
reel ahd Calculator) to the |eaders.

EXplain that teams should finish all estimates first and thenh measurements for
3 tree before moving on to ghother. If there is enough time, allow students to
measure multiple trees. The adult leader should complete a data sheet for
each tree the team measures.

Data Analysis

Inside Visitor Center (20 minhutes)

Ihstruct eaCh team to tranhsfer the tree measurements recorded by the group
leader tO their own journhal page. Pass out g Copy Of the Refuge Tree Guide to
each team. Make a Simple Chart onh the board, such as the one below, to
ColleCct measurements £Or one tree from each team. [Lead the Class in a
discussion of the measurements anhd discoveries.

Bur Oak Cottohwood Elm Hackberry

Circumference

Crownh Spread

Height

Wildlife Uses

Discussion Questions:

e« How did the tre€ measurements compare to the Minnesota Champion
Tree? (have students refer to the Refuge Tree Guide and put the
Champion measurements in the second highlighted column for
Comparison)

o TAhich tree had a measurement closest to the Minhhesota Champion Tree?

o TWhich tree(s) were hardest to measure? (this misht be determined by 3
wide Variable of measurements Of the Same tree between teams)

Winter Tree Math 201¢
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Discuss what made the

tree hard to measure. How

did eacCh team decCide to
deal with the Challenge?
EXplain the protocol
scCientist established for
any of the Challenging
situations they might have
encountered. Refer to the
graphicCs here, takenh from
the DNR publiCation
Minnesota’s BIG Tree
TRegistry.

Winter Tree Math
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Wrap-Up Mahagement Conhnhection

Forest Mahagement

Why would it be important for a wildlife biologist to khow how to count,
measure and identify trees when managing a wildlife refuge? These sKills are
important for mahy reasons. Here a just 3 few examples:

e Bald eagles generally prefer |arge cottonwood trees along the
Minnhesota Rjver. Biologist Cah measure tree diameter and height to
determine if refuge trees are meeting the nesting requirements for Bald
eagles.

e Riologist may measure g Variety Of trees in g forest to estimate
the wildlife food resources. Depending on the specie, |arger trees Will
Ooften produce more food for mahy types of wildlife.

e Dead trees are an important food source for woodpeckers. These birds
eat insects living under the bark of the dead and dying trees. Biologist
might count the number of dead and dying trees in a forest to
determine whether it is providing habitat requirements for
woodpeckers.

* [Measuring trees is also important to determine if there is adequate
wildlife shelter. Some plants also heed a shaded forest £l00r tO grow.

Winter Tree Math 201¢
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Winter Tree Math
Ihside Alterhatives

Measurement Hike
Celect the trees closest to the Visitor Center for measurement. Assigh each
student team to just 1 tree.

e If a team’s tree is Visible from inside the Visitor Center, suggest they do
their estimates from a window.

e Instruct students to alternate between quiCKly going outsSide to take
ohe Or twWo measurements with a brief warm up time inside the Visitor
Center.

e FEach student team should do all the math CalCulations back in the
Visitor Center after they have collected all the measurements.

Compare the measurements they made with the measurements of the State
Champion of the same species using the Minhnesota’s Native BIG Tree Registry
list found in the equipment bin. Ask students to record the measurements of
the State Champion in the second data box on their journal page. Leave the
third box blahk. Suggest to the teachers that they might complete the third
data box with measurements taken from a sChoolyard tree.

1f there is still time available here are a few additional suggestions:

1. 0 to the DNRBIG Tree Registry on the DNR website. With
Chaperone help, have each student team determine the point value
for the tree they measured using the formula below.

Points= Circumsference (in.) + the height (ft.) + % the Crown spread

2. Focus on anhother type Of tree measurement: age. Begin by
watching a JTube Video on How to {Jse ah InCrement Borer
(Finhforce is @ good choice). Narrate and demonstrate alongside
the video using the real borer.

Winter Tree Math 201¢
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3. Pass out g tree CooOKije to eaCh student (Or student teams) and et
them do a self-guided discovery of a tree cookie. Have them
consider the following guestions:

. What do the red and white rings represent?
. Why are some rings wider than others?
. How old was this tree?

ASK students to share their ahswers. CorreCt ahy misconceptions.
EXplain to students, if they do not already khow, that the humber
Of rings indiCates the age of the tree when it was cut. The dark
and light ring together is considered one year’s growth. The light
ring is wood produced during the summer growing season. The
darKk ring is wood produced during the fall growing season.

ASK students to count baCk to the Year their tree was “born” (a
young sapling. How old were they at that time? What important
events were taking place in their lives then?

Winter Tree Math 201¢
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Winter Tree Math... Refuge Tree Measurements

Iree Name Tree Tag Number
Circumference Tree Height Crown Spread
Tree
Estimates How big around is your tree? | How tall is your tree? | How wide is the top of your tree?

King a gu )
Making a guess in. f1. f1.

Measuring Tree Circumference
Measure 4 3 feet from the base of your tree. Wrap the tape measure around tree
Tree Circumference = nearest inch

Measuring Tree Crown Spread

9
1. Students stand on opposites sides under the widest parts of the crown and el
make the following measurements: TR
(e 2 Y
. Distance from (A) to (B): nearest foot Nl 7/
. Distance from (C) to (D): nearest foot ¢
2. Add the two measurements together. Find average by dividing your anhswer by 2.
Crown
Distance A to B | 4| Distance Cto D | = | Total | % total ow
Crown Spread Spread
Using Tape Reel ft + _ fr - £t % +otal £t
(your measurement) (your measurement)
Measuring Tree Height
Step 1. Stand straight, measure from the ground up to your eye. R
.. HEIGHTISIGHT ~~

Record your answer to the nearest foot.
Step 2. Hold gauge (by the handle) up to your eye. Level gauge to :
the ground using bubble. Line up the top of the tree through both -

FIGURE 1 \

MOVE
. TCWARD
THE TRE

sight rings (holes). If tree is not in view, step closer; if too much
tree in view, step back.

Step 3. When top of tree is in both sight rings and bubble is level,
measure the distance from base of the tree to your toes.

Step 4. Add the two measurements together for the height of the tree. Record the data.

FIGURE 2 ’ )
| S _n':«.. .

Lo

Height from the ground to your Distance from .
. + = | Tree Height
Tree Height eyes you to the tree
Height Gauge + - ft.
(your measurement) (your measurement) (answer)
Winter Tree Math 201¢
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